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CO C2P 3B12B 3B14A 3B19D 3B20 6 7 

^ C3P 102 15C18 15C20B 15C7 2D1A1 2H3 2H5 2H6 2HY 

IH ?H ^ IRIA 7D1C 7D1D 7D1E 7D2A1 7K2 

7K7 7K8 8D2A 8D2B2 8D3A 8K2 8K7 E2 PC18 
PC20B PC20D1 PC7 
CSC 9B2 9B9A 9B9B 9B9a 9B9CX 9E4 
C5F 531 537 661 752 808 A B 
(72) Inventois INGENUIN HECHENBLEIKNER and 
WILLIAM P. mLOW 

(54) HINDERED PHENOL PENTABRYTHRITOL 
PHOSPHONATE 

(71) We, BORG-\VARNER CORPORATION, of 200 South Michigan 
Avenue, Chicago. Dlinois, United States of America, a corporation of the sSfof 

A«'«ofJ^i*'*^*'^ '^^'^^ tb^^invention for whi^ 

S fn k1 J f ^ ^^^"^ ? ^ "e^od by which it is to be performed, 

5 to be particularly described in and by die following slatoaent:— 

ing i^hramw.'°'*°^°° ^ hindered phenolic hydroxyl group contain- 

The pho^honates of die present invention have the fimnula: 



o 



10 where each n independendy is an integer of 1 to 4, each R Independendy is allcvJ. 10 
Miogen, cycloaBcyl or aralkyl and each R' independendy is alkyi, cycloalkyl or araBwl 
Thus each R mdependendy, and each R' independendy, may, for sample, be alkyl of 

^<t 1^ t-amyl, amy, hexyl, heptyl, octyl, Z-efbyl&xyU isoort4 t-ocn^l 

15 decyl, dodccyl, octadecyl, eicosyl, tetracosyl or triacontyl, cycloalk/l of 5 to 12 Sn 15 
atoms or more, e.g. cyclopentyl, cydohexyl, mediylcydohexyl, cydooctyl, cyclodecyl or 

Ss5r5ol^h^!a^Styl 12-alph^naphdvldode4l 24-ph^yS' 

t ^^^^}y R substituents and bodi R' substituents are alksJ, more preferably 20 
boA R stAstituents and/or bodi R' substituents are tertiary alkyl, ^d most pSuy 
boA R subsatuents and bodi R' substituents are tertiary aUtyl. piwcramy 
Examples of compounds widiin die present invention are 3,9-bis-(3,5-di-t-butyl- 
4 - hydroxybenzyl) - 3,9 - dioxo - 2,4,8,10 - tetraoxa - 3,9 - d DhosoS - soirof5 5\ 

11" ' '^y^ - ^ - hydroxyphSl) - - 3.9 T& i 25 

2,4,8,10 - tetiaoxa - 3,9 - diphospha - spiro(5,5) - undeane; 3,9 - Ws - (2 - hydro^ - 
l:,^'-; ' A ' ™«hylbenzyl) - 3,9 - dioxa - 2,4,8,10 - tetiaoxa - 3,9 - diphospS - 
^^in T»irT'i^*"4i'"P^'^ °^ compounds widiin die present inv^tk^ are 
set fordi m Table 1 below. The compounds in Table 1 have die fonnula: 



o 
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Table 1 

Compound R3 

1 3,5-di-t-octyl-4-hydroxybenzyl 

2 3,5-di-n-oc^l-4-hyjdroxybeiizyl 
5 3 3,5-di-t-butyl-4-hydroxyben2yl 

4 3,5-di-dodecyl-4-hydroxybenzyl 

5 3-dcosyl-4-hydroxybenzyl 

6 3-tiiaconiyl-4-hydroxybenzyl 

7 3,5 - dicyclohexyl - 4 - hydroxy- 
10 benzyl 

8 3 - cyclohexyl - 5 - ethyl - 4 - 
hydroxybenzyl 

9 3,5 - dicydopeatyl - 4 - 
hydroxyb^izyl 

15 10 3 - methylcydohezyl - 4 - 

hydtoxybeiayl 

11 3 - cydododeqi - 4 - hydroxy- 
benzyl 

12 3,5-diben2yI-4-hydroxyben2yl 
20 13 3 - benzyl - 5 - t - butyl - 4 - 

hydroxybenzyl 

14 3,5-di-t - butyl - 2 - hydroxy- 
benzyl 

15 3,5-dihexyl-2-hydroxybenzyl 
25 16 3,5 - dicydohexyl - 2 - hydroxy- 

benzjd 

17 4-(3-methyl-5-cydohexyl- 
4-hydroxyphenyl)-bura 

18 4 - (3,5 - di - t - buqd - 4 - 
30 hydroxyphenyl)-butyl 

19 3 - (3,5 - dl - t - octyl - 4 - 
hydrQxyphcnyl)-propyl 

20 2 - (3,5 - di - t - butyl - 4 - 
hydroxyphenyl)-ethyl 

35 21 3,5-dicthyl-4-hydroxybenzyl 



3,5-di-t-octyl-4-bydroxybenzyI 
3,5-di-n-oayl-4-hydroxybenzyl 
3,5-di-t-amyl-4-hydroxybenzyl 
3,5-di-dodecyI-4-hydroxyben2yl 
3-eicosyl-4-hydroxybenzyI 
3-triacontyl-4-hydroxybenzyl 
3,5-dicydohexyl-4-hydroxybenzyl 

3-cydohexyl-5-ethyI-4-hydroxyben2yI 

3,5-dicydopentyl-4-hydroxybenzyl 

3"methylcydohexyl-4-hydroxybenzyl 

3-cydododecyM-hydroxyben2yl 

3,5-dibenzyl-4-hydroxybenzyl 
3-benzyl-5-t-butyl-4-hydn>xybeDzyl 

3,5-di-t-butyl-2-hydroxybenzyl 

3,5-dihexyl-2-hydroxybenzyl 
3,5-dicydohexyl-2-hydroxyben2yl 



4 - (3 - methyl - 5 - cydohexyl - 4 - 

hydroxyphenyl)-butyl 
4 - (3,5 - di - t - butyl - 4 - faydroxy- 

phenyl>butyl 
3 - (3,5 - di - t - octyl - 4 - hydroxy- 

phenyl)-propyl 
2 - (3,5 - di - t - butyl - 4 - hydtoxy- 

phenyl)-ethyl 
3,5-diethyl-4-hydroxybenzyl 
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The compounds of the present invention can be prepared by any of the following 
leactiQa: 




40 



(3) 
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2 iCHjJ^OH+lolkalinc cololyst) -^-Formma 1 
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+ 2 N-C CgHg)^ or other terliory amine s*- Formula I 



StS^iTrW^^S^ ™? K ' ^ '»°^n^^^8Sll? defined, R. is alkyi, X is halogen 
Ti^^^ ddonne or bronune), and R. is aryl such as phenyl or tolyl or alkyl sSch 
««^''LH*y'' ethyl, 'sopropyl, h«yl or octyL Any ^vmtional dkaline raS 
I ! example, sodium hydroxide, potassium hydroxide, sodium methylate, 
sodium phenolat^ sodium hexylate or potash meAylatt. "«y"«. 

Hint, J^f* °^ materials for reaction (2) are diphenyl pentaerythritol 

ffi^Pn^nV'^.t^•y^P!?*e^'5^'°L^"Ph°*^^^^ '"«*yl pentae*rytlritSdiph^te 
dibutyl pentaerythntol diphosphite, diisooctyl pentaerythriSl diphosphite. ^ ^ ' 

In procedure (1) can be any of 4e alkyl groups mentioned for R.. However 
Z'^l^^f- "^"^ K'^'' (1) ^ used dKj 
j^&^^^'/'^^y pentaerythritol diphosphite^ dibutyl pentaerythritolS- 
SSllSrSKSSpS?^""'' pentaer^luitol^hosphf^ „ 

H.wh^L^^'^ tripropylamine, tributylamine or 

ttS'^^w'' ^ f » PWhonate is the oafprSdu" 

^ 3 when « .s 2, 3 or 4, any phosphite formed can be rearranged to the pho^ 
^nT^^ ff^^J^f^^^ amount of sodium iodide or potassium iSide, e.g. 1 to 
10 mol % of the dicWoropentaeryihritol diphosphite. * 

^^^''.rlfc^'^ f'^^u'" ^ « starting materials to make the final hindered 

chiorSe^^JTfK.J?!.'^ ^ 3.5-di,t-butyl-4.hydroxltSS 
dUonde, 3,5-di-t-butyl-4-hydroxyben2yl alctAol, 3,5-di-t-butyM-hvdroCTben2vl 

SSthdl';':^'^*!''^'^"^ W 3,5-dimethyl-4-hySybS^°SlS 
I'^^^I'^'a^^'^^I^I^ 4-(3-methyl-5-cyclohexyl-4-Woxyphenyl). 
butyl chlond^ 4-«-methyl.5-cyclohexyl-4-hydroxyphCTyI>butyl akohd, 3,5TtS - 
tS7^^,^J^ S-t-butyW-hydroxyb^zyl 'chloride, 3-t-b,^ty -Vh/S 
brn^l alcohd, 3,5-di.n-ocQrl-4.hydroxybem!yl chloride (and the corresponding alcohol), 

£i7^±£3T^^Ty' chloride (and the corresponding alcohol), iefc^yffihy to,xy- 
toByl aJcohd (and the carrrapondrng chloride), S-triacontyW-hydroxyb^zyl diloride 

3,5.dicyclohexyI-4-hydroxybenlyl cWoridc (andAe 
wn^onding alwhol), 3<ydohexyl.5-ethyl-4-hydrox^^ alcohol (and &e con^ 

alcohol), 3.mediylcydohexyl-4-hydroxybenzyl alcohol, 3,5-dibenzyl-4.hydroxvbenzv! 
S^l^^** conesponding alcohoDi S-benzyM-UJtyl^hyc^^E^fS 
(and the can«pondmg chloride), 2-hydixxxy-3-t-butyl-5-methylben2yl chloride fimd 
dK cortespondmg alcohol), 2^ydroxy-3,5-di.t.butyI-ben2yl al^iS (and tSie roS^. 
fSSSf ^^^3' 2-hydn>xy-3,5^ihexylben2yl diloride (and the correspSg 
dff& \<jl5,^«:*"tylf-hydro^ alcohol and the corresJo^S 

ffid§! 2-<''^-*-*-'»'*y'-^'»y<l«>''yP'>«»yl)-ethyl alcohol (and die correijonding 

If mixed products are de:^ sudi as that of compounds 1 of Table 1, diere can 
be used a mixture of starting phenols. ' 

«e «fcI^!i:^'^'*-i'^"°lE^°^?*"*"*'e compounds of the present invention are useful 
^ijSr toSS?dSeri^^^ can be u^ to s.abiUzeW materials nonmdly 
ilJf P*l«oH<^ P'K>sphonate antirarfdant is used in an amount of 0.005 to 10 parts 
" ^ """^"^^ to be stabilized, preferably 0.1 to 5 
^ per 100 mrts of pdymer. Thus they are useful with ma^/ different kinds of 
^rrh""- they ran be used with resins made from v^d^am- 

c^rostyrene^ 

.thJ"^} '^^y^^'^?^l^'>mpoaads may be polymerized alone or in admixture with eadi 
^Zil ^*.^»"y''^e compounds free from halogen. Among the haloS 6^ 
S^^fir'"-'' «°;,»«^«palymeri2ed witii die halogtn containing vinylidene cwn. 
pounds, ftg. vmyl dilondci are vinyl esters of carboxylic adds, e.g. ^yl aoetat^ S 
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propionate vinyl butyrate and vinyl benzoate, esters of unsaturated acids, e.g. alkyl 
and alkenyl acrylates such as methyl acrylate, ethyl acrylate, propyl acrylate, butyl 
acrylate and allyl acrylate as well as the corresponding methacrylates, e.g. methyl 
methacrylate and butyl methaaylate, vinyl aromatic compounds, e.g. styiene, p-ethyl- 

5 styrene, divinylbenzene, vinylnaphthalene, a-raethylstyrene, p-methylstyrene, dienes 5 

such as butadiene and isoprene^ unsaturated amides such as acrylamide, methacrylamide 
and acrylanilide and the esters of «,p-unsaturated carboxylic acids, e.g., the methyl, 
etiiyl, propyl, butyl, amyl, hexyl, heptyl, octyl, allyl, methallyl and phenyl esters of 
maldc, crotonic, itaconic and fumaric acids. Specific examples of such esters arc diethyl 

10 maleate, dibutyl maleate and dibutyl fumarate. iq 
The copolymers in which at least 50% of die copolymer is made from a halogen 
oontaming vinylidene compound such as vinyl chloride, are among the ptefeired 
materials treated according to the invention. 

The antioxidants or stabilizers of the present invention are also effective when 

15 intimately mixed with halogen-containing resins in which part or all of the halogen is 15 
introduced into a preformed resin, e.g. chlorinated polyvinyl acetate, chlorinated poly- 
styrene, chlorinated polyethylene, chlorinated polyvinyl chloride, chlorinated natural 
and synthetic rubbers and rubber hydrochloride. 

Typical examples of copolymers include vinyl chloride vinyl acetate (95 : 5 weight 

20 ratioj, vinyl chloride-vinyl acetate (87:13 weight ratio), vinyl chloride-vinyl acetate- 20 
maleic anhydride (86:13:1 weight ratio), vinyl chloride-vmylidene chloride (95:5 
weight ratio), vinyl chloride-dietiiyl fumarate (95:5 weight ratio) and vinyl ddoride- 
tridiloroetiiylene (95 : 5 weight ratio). 

The resin, e.g. polyvinyl chloride, can either be plasticized or unplasticized. As 

25 the plasticjzer there can be employed conventional materials such as dioctyl phtiialate, 25 
octyl decyl phtiialate, tricresyl phosphate, 2-etiiylhexyl diphenyl phosphate, dodecyl 
dicresyl phosphate, tributyl acetyl citrate, dioctyl sebacate and dibutyl sebacate. The 
plastidzer is used in conventional amount^ eg, ID to 100 parts for each 100 parts of 
the vinyl chloride containing resin. 

30 There can also be incorporated 0.1 to 10 parts per 100 parts of the halogen- 30 

containing resin of a metal salt stabilizer. Thus, there can be used barium, strontium, 
calcium, cadmium, zinc, lead, tin, magnesium, cobalt, nickel, titanium and aluminium 
salts of phenols, aromatic carboxylic acids, fatty adds and epoxy fatty acids. 

Examples of suitable salts include barium difnonylphenolate) strontium di(nonyl- 

35 phenolate\ strontium di(amylphenolate), barium di(octylphenolate), strontium di(octyl- 35 

ghenolate), barium di(nonyl-o-cresolate), lead di(octylphenolate), cadmium-.2-etiiyl- 
exoate, cadmium laurate, cadmium stearate, zinc caprylate, cadmium caproate, barium 
stearate, barimn-2-ethylhexoate, barium laurate, barium ridnoleate, lead stearate, 
aluminium stearat^ magnesium stearate, calcium octoate, calcium stearate, cadmium 
40 naphthenate, cadmium benzoate, cadmium p-tert. butylbenzoate, barium octyl sali- 40 
cylate, cadium epoxy stearate, strontium epoxy stearate, cadmium salt of epoxidized 
adds of soybean oil, and lead epoxy stearate. 

In plastisol formulations there can also be included from 0.1 to 10 parts per 100 
parts of rcsm of an epoxy vegetable oil sudi as epoxidized soybean oil or epoxidized 
45 tall oiL 

The antioxidants of the present invention are particularly effective with solid 
unsaturated hydrocarbon polymers such as polyethylene, polypropylene polybutene, 
etiiylene propylene copolymers (e.g. 50:50, 80:20 and 20:80), etiiylene-monoolefin 
copolymers wherein the monoolefin has A — 10 carbon atoms and is present in a minor 

50 amount, e.g. etiiylene-butene-1 copolymer (95:5) and etiiylenedecene-1 copolymer 
(90: 10). Furthermore, they can be used to stabilize natural rubber, styrene-butadiene 
rubber (SBR nAbcr), e.g. (75% butadiene-25% styiene), EPDM rubbers, ABS ter- 
polymers (e.g. 20—30% acrylonitrile, 20—30% butadiene, 40--60% styiene), poly- 
israren^ polybutadiene, styrene-acrylonitrile copolymers, butyl rubber, polyacrylo- 

55 nitrilc and acrylonitrile copolymers (e.g. acrylonitrile-vmyl chloride 85:15), poly- 55 
sQrcne, unpact modified polystyrene, butadiene-acryloniuile (e.g. 60:40); polymerized 
acrylates and metiiacrylates, e.g. polymcdiyl acrylate, polymetiiyl metiiacrylate and 
pcdybutyl acrylate, polyacetals, e.g. polyoxymethylcne polymers (e.g. Delrin and 
Gelcon), polycarbonates (e.g. bisphenol A-carbonate polymer), polysulfones, poly- 

60 phenyleneoxide% phenoxy resins, epoxy resins, A-epichlorhydrin, nylon, cellulose 60 
acetate, cellulose acetate-propionate, cellulose acetate butyrate, cellulose nitrate poly- 
etiiylene oxide, etiiyl cdlulose, linear polyesters, e.g. polyethylene terephthalate 
(Dacron, Mylar), unsaturated polyester, e.g. vinyl compounds modified alkyds such as 
ethylene glycol phtiialatc-maleate modified with styrene or diallyl phtiialate, oil modi- 

65 ned alkyd resin% e,g, soybean oil-glyceryl phthalate resin, chlorosulfonated polyetfiylene, 65 
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polyurethanes (e.g. toluene diisocyanate reaction prodlicts with polypropylene dycol 
molecdar ^mght 2025 or with dycerine^ethylene oxide adduct havmi a hyl^l 
numbCT of 56). (The words "Defrin", "Dacron" and "Mylar" are refccd Trtde 
Marks). 

uun^l *uu^^^^ ^ employed many of the commercially available 

iS ^P^^ rubber normaUy contains 30 to 70 molar percait (prefer- 

ably 50 to 60 molar percent) of ethylene, 65 to 20 molar percent (preferably 35 to 45 
molar percent) propylene and 1 to 15 molar percent (preferably 3 to 5 mdar percent) of 
the nonconjugated polyolcfin. Usually the polyolefin is not over 10 molar pwceat The 
ethylene and propylene can each be 5 to 95 molar percent of the compcdtioii. 

As used m the present spedficaiion, the term "nonconjugated polyoMn" indudes 
.ahphatic nonconiugated polyene hydrocarbons and cycloaUphatic nonconiuaated 
polyene hydrocarbons, e.g., endocyclic dienes. Specific examples of suitable non- 
15 ^^"^ pentadiene.1,4; heicadiene.l,4j dicydopemadiene. 

m„i»^^'^«*^»?!",P^" ^'^^""^'^ terpolymers are die Royalenes whidi contain 55 
mole percent ethylene, 40 to 42 mole percent propylene and 3 to 5 mole oercmt 
20 Sn^Sf terpolymers, e.g*:^4o4 of Enjay and En^y So/SS 

^^^i"'*'? P««»»t propylene and 4 mole paoMrt m 

= J?"'*^'' * terpolymer if 55 mole^rcent ediylene, 4oS ^ 
S^l^^fc^'°A K^"^" ^'^f^' h«adiene^l,4. (The 4ord «Noi*l" i's a regi^ 
S^J^^It terpolymer is the one containing 50 mol per^t 
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There can also be UKoiporated in the hydrocarbon polymers, e.g. pcdypropylene. 
30 conventional addmvcs sudi as phosphites in an amount of 0.1 1» 10 p^^or lOO parts 
of polymer. Typical of such i*osphites are triphenyl phosphite, ttis decyl phos&te. 

phosphite, di(^t.butylphenyl) phenyf ph^Mte, di-phen^l-oS 
phosphite, tnoc^l phosphite, tncresyl phosphite, tribenzyl phosphite, polymeric nhM- 
phites such Weston ,243-B (made in acJorcbnce with US. Pateilt NaS^S) 
35 1 J r'""^- tnphcnylphosphite and hydrogenated bisphenol and haviig a 

35 molecular weig^it of about 3000 and Weston 440 (a linear poli^neric pentacrythritnl 
5^^!^ w«^?^v .5-°'P'''?' '^'"^ in accordance with U.sVPateit No. 
a= u ^18-(distearyl penuerythritol diphosphite), diiophosphites such 

^ySrSd^lSS '^^ tridiiophosplSte. frhe wrd "Weston" is a 

^ 0 1 rV^v i° ^ ^'^^"'l?:^ thio compounds in an amount of 0.01 to 10%, usually 40 
drlfJ\ ? 1^^ P""'' =^ ^ pentaeiythritol tttra (me3. 

acetate), 1,1,1-tnmethy olediane tri(mercaptoacetate), l.l.lirimethylolproDane tfl 
mercaptoacetate), d.oleyl thicKlipropionate, Silauryl thiodip^piona^ffiXo co5- 
pouncb includmg distearyl 3,3'-thiodipiopionate, dicyclohexyl-33^.diioSi)roS(mate 
dicetyl.3,3'-duodipropionate, dioctyl-3,3^thiodip^opiSMt^ iSzyM 3?ffi « 

SS™&^?n'5:^^^'^'-?"'^P™P'°"^'<=' dip£enyI-3,3'.Si^opionaZa? ^ 
meAoxyphenyI-3,3'-ttaodipr^^^ 

dipropionate, diethyl-3,3'-thiodiFopionate, lauryl ester of S-medi J-mexS pmSc 
acid, lauryl ester of 3-butyl-meicapto propionic add, lauryl ester of S^-mSS 
propomc acid, phenyl ester of 3-octylmercapto propionic add, lauryl ester of S-nhenvl- 50 

^"^^ ^'"^ 3-1^5-i^ercapto p^SIS. laiR^ 
nm^^froWP^Ty'™''TWP^'''^'^ ^"'^^ lauryfest^ <5 3-cydoh^kSS 
propionic acid, lauryl ester of 3-hydn>xy-mcdiyhnercaptopropionic add, mjiistyl e^ 

55 dL^S^^^:? J^^'fP'" P^^T'^ i"'^' °«yl ^ ^ S^methoxymethyto^rcapto 
A "^^^"^^^^^ of 3^ri>Qxy-methyhnercapto propio^c ada, dilaiSyl 

4 7^ ?! tS^^i^J^^T^I^'^P'" PW"^'; dilauiyf4,7Masebacate, dilaS- 
V,8,ll-tetrathiotetradecandioate, .dunyristyl-4,ll-didiiatetradecandioata laiiyl - 3 - 
b«izotlmzyhnercaptopropionate. Preferably the esterifying alcohol is an alkand havL 
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magnesiuni stearate as well as zinc stearate^ cadmium laurate, cadmium octoate> 
cadmium stearate and the other polyvalent metal salts of fatty acids set forth previously. 

There can also be added conventional phenolic antioxidants in an amount of 
0,01—- 10%, preferably 0.1 — 5%. Examples of such phenols include 2,6-di-t-butyl-p- 

5 cresol (lonol), butylated hydroxyanisole, propyl gallate, 4,4'-thiobis(6-t-butyl-m-cresol), 5 
4,4'-cyclohexylidene diphenol, 2>5-.di-t-amyl hydroquinone, 4,4'-butylidene bis(6-t- 
butyl-m-cresol), hydroquinone monobenzyl ether, 2,2'-methylene-bis(4-methyl-6-t- 
butylphenol) (Catalin 14), 2,6-butyl-4-decyloxy-phenol, 2-t-butyl-4-dodecyloxyphenol, 
2-t-'butyl-4-oaadecyloxyphenol, 4,4'-methylene-bis(2,6-di-t-butyl phenol), p-amino- 

10 phenol, N-lauryloxy-p-aminophenol, 434'-thiobis(3-methyl-6-t-butylphenol), bis[o- 10 
(l,l,3,3-tetrametiiylbutyl)phenol] sulfide, 4-acetyl-j?-resorcylic acid, A stage p-t-butyl- 
phenolformaldehyde resin, crotonaldehyde condensate of 3-methyl-5-t-butyl-phenol, 
2,6-di-t-butyl p-cresol (Topanol CA), 2,2-methylene bis 4"ethyl-6-t-butylphenol 
(AO-425), 4-dodecyloxy-2-hydroxy-b«i2ophenone, 3-hydroxy-4H[phenylcarbonyl)- 

15 phenyl paJmitate, n-do.deqrl ester of 3-hydroxy-4-(phenylcarbonyl) phenoxy-acetic acid, 15 
t-butylphenol, octadecyl-<3,5-di-t-butyl hydroxyphenyl) propionate ^ganox 1076). 
words "lonol", "Catalin", "Topanol", "AO" and "Irganox" m registered Trade 

Epoxy compounds in an amount of 0.01 — 5% in the hydrocarbon polymer com- 
20 positions can also be included. Examples of such epoxy compounds include epoxidized 20 
soya bean oil, epoxidized lard oil, epoxidized olive oil, epoxidized linseed oil, epoxi- 
dized castor oil, epoxidized peanut oil, epoxidized com oil, epoxidized 
tung oil, epoxidized cottonseed oil, epichlorhydrinbisphenol A resms (epichlor- 
hydrin-diphenjiolpropane resins), phenoxy-propylene oxide, butoxy propyloie oxide, 
25 epoxidized neopentylene oleate, glycidyl epoxystearate, epoxidized a-olefins, epoxidized 25 
glyddyl soyate, dicyclopentadiene dioxide, epoxidized butyl tallat^ styrenc oxide, 
dipentene dioxide, glyadol, vinyl cyclohexene dioxide, glycidyl ether of resordnol, 
glycidol ether of IsS-^ihydroxynaphthalen^ epoxidized Unseed oil fatty acids, allyl 
glycidyl ether, butyl glycidyl ether, cyclohexane oxide, 4Hp,3-cpoxypropoxy) aceto- 
30 phenone, mesityl oxide epoxide 2-ethyl-3-propyl glyddamide, glycidyl ethers of gly- 30 
cerine, pentaerythritol and sorbitol, and 3,4-epoxy-cyclohexane^l,l-dimethanol bis- 
9,10<i)oxy8tearate. 

The phenolic phosphonates of the invention can also be used to stabilize lubricat- 
mg oils, e.g. aliphatic esters such as di-(2-et£ylhexyl)-azeIate and pentaerythritol tetra- 

35 caproate; animal and vegetable derived oils, e.g., linseed oil, fat, tallow, lard, peanut 35 
oil, cod liver oil, castor oil, palm oil, com oil and cotton seed oil; hydrocarbon matenal 
such as RHSoline, both natural and synthetic diesel oil, mineral oil, fuel oil, drying oil, 
cutting fluids, paraffin, waxes and resins, and fatty acids such as soaps. The stabilizer 
in sucu cases can also be used in an amount of 0.005 to 10% of the material to be 

40 stabilized. 40 

Unless otherwise indicated aU parts and percentage^ throughout this specification, 
are by weight The following Examples illustrate the invention. 

Example 1 

3,9-Bis(3,5-di-t-butyl-4-hydroxybenzyl)-3,9-dioxo-2,4,8,10-tetraoxa- 
45 3,9-diphospha-spiro(5,5)undecane 45 

One mole (256 g.) of 3,9-dimethoxy-2,4,8,10-tetraoxa-3,9-diphospha-spin)(5,5)- 
undecane was dissolved in 1 liter of toluene and 2 mols (509 g.) of 3,5-di-t-butyl-4- 
hydroxybenzyl chloride in 500 ml heptane were added. The mixture was heated 
slowly to 100— 110° C. and methyl chloride was allowed to distil off. After 3 hours 
50 at 100°C. methyl chloride evolution had ceased and a heavy precipitate had separated. 50 

The mixture was cooled and filtered. The filter cake was washed with toluene to give 
600 g. (90%) of the title compounds as a colorless, crystalline, high-melting solid. 

Example 2 

One mol (166 g.) of 2-(3,5-dimethyl-4-hydroxyphenyl)-ethyl alcohol was mixed 
55 with 128 g. (0.5 mol) of 3,9-dimethoxy-2,4,8,10-tetraoxa-3,9-diphospha-spito(5,5)un^ 55 

decane. Five grams of sodium methylate was added and the mixture was heated slowly 
to 150**C Methanol started to distil off at lOO^C. and in 2 hours 0.95 mol of methanol 
was recovered. Five grams of sodium iodide was then added and Ae mixture was 
heated for 10 hours at 150''C. At the end of this period a test with iodine showed the 
60 absence of trivalent phosphorus. The product was a colorless solid which was recrystal- 60 
lized from toluene. Infrared spectrum and phosphorus analysis were in agreement with 
the compound : 3,9-bis [2-(3,5-dimediyl-4-hydroxyphenyl)ethyl]-3,9-dioxo-2,4,8,10^ 
tetraoxa-3,9-diphospha-spiro(5,5)undecane. 
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Example 3 

3,9-Bis(2-hydroxy-3-t-butyl-5-methylbenzyl>3,9-dioxo-2,4,8,l^ 
3,9-diphospha-spiro(5,5)undecane 
One mol ^256 g.) of 3,9-idichloro.2,4,8,10-tetraoxa-3,9-diphospha-spiro(5,5)un- 
decane dissolved in 1 liter of toluene was added to 384 g. (2 mols) of 2-hydroxy-3-t- 
butyUS-methylbwizyl alcohol dissolved in 500 ml of toluene. Two hundred grams 
(2.05 mols) of triethylamine were added to the benzyl alcohol solution. The ddoride 
solution was added to the amine-alcohol solution with cooHng, When the addition was 
complete, the mixture was heated to 80X. and filtered hot from the amine hydro- 
chlonde. Upon cooling, 520 g. (92%) of a colorless, crystalline soUd was recovered, A 
phoq)horus analysis and infrared spectrum confirmed the compound to be consistent 
with the title compound. 

Example 4 

Unstabilized polypropylene powder (Hercules Profax 6501) was thoroughly 
blended with 0.5% of the compound of Example 1 to produce a stabiUzed poly- 
propylene. (The words "Hercules" and "Profax" are registered Trade Marks). Blend- 
mg can be accomplished in any suitable manner, e.g., m a Banbury mixer. 

Stability can be tested in any conventional manner, e.g. using the oven aging 
Fadeonwter test described in U.S. Patent No. 3,714,300, col. 5, Uq^ 
23—48. (The word "Fadeometer" is a registered Trade Mark). 

Example 5 

100 parts of unstabiUzed polypropylene powder (Hercules Powder 6501) were 
thorougMy blended with 0.2 parts of the compound prepared in Example 2 and 0.5 
part of dilauryl thiodipropionate to obtain a stabilized polypropylene. 

The phenolic phosphonate compounds of the present invention also act as flame 
ana fire retardants for solid hydrocarbon polymers such as polyethylene, polypropylene,, 
oopd]^^^' copolymer, EPDM polymers and ethylene-pr^ylene 

WHAT WE CLAIM IS: — 
1. A compound having the formula 




O-CH^^ CHg-O 

where each R independently is hydrogen, alkyl, cycloalkyl or aralkyl, each R' independ- 
ently is alkyl, cycloalkyl or aralkyl and each n independently is an integer of 1 to 4. 
If I A «>"^P^d according to claim 1 wherein each R independendy is hydrogen, 
alkyl of 1 to 30 carbon atoms, cycloalkyl of 5 to 12 carbon atoms or aralkyl of 7 to 
36 carbon atwns. 

3. A compound according to daim 1 wherein both R substituents are odier than 
nydrogen. 

4. A compound according to claim 3 wherein each R independendy is alkyl of 1 
to 20 carbon atoms and each R' independendy is alkyl of 1 to 20 carbon atom& 

r p^li^m™^ according to daim 4 wherein the OH groups are in the 2 and 

6. A compound according to claim 4 wherein the OH groups are in the 4 and 4' 
positions. 

7. A compound according to daim 4 wherein both R substituents are t-butyl 

8. A compound according to claim 7 wherein both R' substituents m t-butyL 

9. A compound according to daim 7 wherein each n is 1. 

10. A compound according to claim 4 wherein each n is L 

11. A compound according to daim 1 wherein each n is 1. 

12. A compound having die formula: 

P / 




V(CH 1 y \^ \« 

O-CH/ CH,-d^ 




